Summary
Protective ability against the challenge of different strains by immunization with culture filtrate (CF) obtained from Salmonella enteritidis was investigated. It was shown that the different strains of S. enteritidis can be separated into two distinct groups of protective (2547, 116M, 116-54, SR-98G, and 3775) and nonprotective strains (2822, 3975, and IID-604). Using a cell-free microbicidal system, the susceptibilities of these strains to active oxygen species was evaluated. S. enteritidis was found to be susceptible to these active oxygen species, however no differences between the protective and nonprotective strains were observed. Both catalase (H2O2 scavenger) and histidine (102 scavenger) inhibited the bactericidal activity of the xanthine-xanthine oxidase system. Therefore, among the various oxygen intermediates, H2O2 and 1O2 appears to be necessary for killing of S. enteritidis. In tests for the ability to trigger an oxidative burst in murine peritoneal macrophages, strain 2547 triggered O-2 generation at levels as high as those observed with strain 2822. These studies indicate that the difference between the protective and nonprotective strains is not attributed to susceptibility against active oxygen species nor to the ability to trigger an oxidative burst. From these observations, it is suggested that the difference is not due to differences in resistance to the killing of different strains within macrophages.
Introductin
Salmonella enteritidis is a facultative intracellular pathogen that causes a systemic infection in mice. Infections caused by this organism appear to correlate with the cellular immune system of the host1). Living cell vaccines have been shown to induce a cellular immune response, and are thought, by some investigators, to be more effective than non-viable vaccines for the induction of immunity to mouse typhoid infection2,3). However, other investigators have reported excellent levels of protection with non-viable vaccines4,5,6). Thus there is no consensus among investigators concerning the vaccine efficacy of protection against Salmonella infection.
Previous studies in this laboratory have shown that protection against infection with S. enteritidis by immunization with culture filtrate (CF) varies in accordance with the different challenge strains7). This result suggests that the differing reports on vaccine efficacy against Salmonella infection may be attributable to differences in the challenge strain used.
In this study, nine challenge strains were investigated to determine differences in protection afforded against infection with S. enteritidis by CF. The challenge strains of S . enteritidis could be separated into two distinct groups of protective and nonprotective strains. To investigate differences between these groups, the susceptibilities of these strains to killing by reagent H2O2 and by active oxygen species generated by the xanthine-xanthine oxidase system was evaluated. Further comparisons were made concerning the abilities of these strains to trigger the generation of superoxide anions in vitro by macrophages. (Protective strains). On the other hand, when strains 2822, 3975, and IID-604 were used as the challenge strain, no protective effects were observed (Nonprotective strains). Similar results were obtained using formalin-killed cells obtained from S. enteritidis as a vaccine instead of CF (data not shown). 4.2. Susceptibility of different strains to the xanthine-xanthine oxidase system . The susceptibilities of S. enteritidis strains 2547, 2822, and E. coli to the xanthine-xanthine oxidase system were investigated (Fig. 1) . The killing of S. enteritidis reached a maximum at the concentration of 0.1 units/ml of xanthine oxidase. Strain 2822 was found to be more susceptible than strain 2547 , while E. coli proved most resistant to this system. In the absence of xanthine or xanthine oxidase, no bacteria killing occurred (data not shown). Figure 2 compares the susceptibility of different strains to the xanthinexanthine oxidase (0.1 units/ml) system. No difference between protective and nonprotective strains in susceptibility to this system could be detected. 4.3. Effects of oxygen intermediate scavengers on microbicidal activity of the xanthine-xanthine oxidase system. Table 2 shows the effects of various oxygen intermediate scavengers on the killing of S. enteritidis strains 2547, 2822, ATCC-13076, and E. coli using the xanthine-xanthine oxidase system. Bactericidal activity of the xanthine-xanthine oxidase system against these bacteria was inhibited by the addition of catalase (H202 scavenger), whereas SOD (O-2 scavenger) was not effective in inhibiting the killing. Histidine (1O2 scavenger) and Mannitol (.OH scavenger) resulted in a lower yet significant inhibition for the killing of strains 2822, ATCC-13076, and E. coli, respectively. These results indicate that H2O2 and 1O2 play important roles in the expression of microbicidal activity against the S . enteritidis tested.
Susceptibility of different strains to H2O2
The susceptibilities of S. enteritidis strains 2547, 2822, and E. coli to varying concentrations of H2O2 were investigated (Fig. 3) . The three organisms were killed in a concentration-dependent manner , with strain 2822 showing more susceptibility to H202 than strain 2547 . E. coli was mostsensitive to H202 and was almost destroyed at concentrations of 1 mM . Figure 4 compares the susceptibility of the different strains to H202 at 1 mM concentration.
As is the case with the xanthine-xanthine oxidase system , no between the protective and nonprotective strains in susceptibility to 11 202 was observed. Superoxide production of macrophages by phagocytosis of different strains Table 3 shows the abilities of S . enteritids strains 2547, 116M, 2822 , and E. coli to trigger the generation of O2 in vitro by macrophages. Although the 02 generated by the triggering of strain 116M to macrophages was small, the degree of O2 generation by strains 2547 and 2822 was similar to that seen in E .
coli. From these results, no differences in the ability to trigger an oxidative burst in macrophages wer e observed between the protective and nonprotective strains .
Discussion
Although the importance of cell-mediated immunity induced by live vaccines in controlling Salmonella infections is well documented , there has been the viewpoint that killed vaccines induce humoral immunity and can provide a high level of protection against Salmonella infection9 ,10). Eisenstein et a/11) reported that these discrepacies in vaccine efficacy may be attributable to differences in the mouse st rains used in the experiments. In a previous paper , this laboratory demonstrated that protection against infection with S . enteritidis differs in accordance with the different challenge strains7) . This result indicates that the selection of the challenge strain is significant in the study of protection against Salmonell a infection. In this study, the protective ability against challenge from different strains by immunization with CF obtained from S. enteritidis was investigated . The different challenge strains of S . enteritidis could be separated into distinct groups of protective (2547 , 116M, 116-54, SR-98G, and 3775) and nonprotective strains (2822, 3975, and IID-604) . By sodiumdodecyl sulfate-polyacrylamide gel electrophoresis of lipopolysaccharides (LPS) , it was shown that all LPS obtained from these strains are typically smooth-type LPS (data not shown) .
The importance of macrophages in Salmonellosis has been suggested by a number of i nvestigators12, 13, 14) . S. enteritidis, ingested by murine macrophages , can usually survive and resist the protection of infected hosts15,16) . Therefore, the resistance to killing of S . enteritidis within macrophages is considered an important factor in the protective immunity against infection caused by this o rganism. In general, mechasnisms for survival within macrophages of facultative intracellular parasites are th ought to include resistance or inactivation of active oxygen species , lysosomal enzymes, and cationic peptides17,18, inhibition of the respiratory burst; inhibition of phagosome -lysomome fusion and escape from the phagosome into the cytoplasm20). Active oxygen species such as the superoxide anion (OD , hydrogen peroxide (H2O2), hydroxy radical (OH), and singlet oxygen (1O2) generated by macrophages and polymorphonuclear leucocytes exhibit a potent microbicidal activity21) . The xanthine-xanthine oxidase system can produce active oxygen species in vitro and has been employed as a model for the o xygenmicrobicidal system of these phagocytic cells . This system exhibited a potent microbicidal effect on the various strains tested in the present study . Bactericidal activity of this system against S . enteritidis was inhibited by the addition of catalase (H 2O2 scavenger) and histidine (102 scavenger), indicating that among the oxygen intermediates , H2O2 and 1O2 play an important role in the expression of microbicidal activity of S. enteritidis . Additionally, susceptibility differences of the protective and nonprotective strains to H202 were investigated . As was the case with the xanthine-xanthine oxidase system , the rate of susceptibility of these strains to H2O2 varied . These results show that the difference between the two distinct groups can not be attributed to susceptibility against active oxygen species .
There are reports that Mycobacterium leprae and Toxoplasma gondii fail to trigger the respirato ry burst of macrophages, and, consequently, readily multiply within the cells22,23). The ability of S. enteritidis strain 2547 to trigger the generation of Oi by macrophages was very similar to that observed in strain 2822. From these results, it was concluded that the difference between the two distinct groups is not correlated with the ability to trigger an oxidative burst. Some facultative intracellular parasites are known to inhibit phagolysosomal fusion of macrophages after phagocytosis24,25). Preliminary experiments revealed that although S. enteritidis was more effective inhibiting phagolysosomal fusion than E. coli, the rate of inhibition of phagolysosomal fusion of the protective and nonprotective strains varied (unpublished data). The conclusion obtained from this study is that S. enteritidis is susceptible to active oxygen species generated in vitro or to reagent H202. However, differences in protection observed between protective and nonprotective strains can not be attributed to the susceptibility against these active oxygen species nor to the ability to trigger an oxidative burst. These results suggest that the difference in protection is not due to differences in resistance to the killing of different strains within macrophages.
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